H aemophilic arthropathy is characterised by iron deposits in synovial tissues. We investigated the suggestion that iron plays an important role in synovial changes.
Haemophilia is characterised by spontaneous bleeding, mainly in the larger joints. Repeated bleeding episodes lead to synovitis and then to haemophilic arthropathy (HA) with synovial and cartilage changes which result in disability. [1] [2] [3] [4] The pathogenesis of this blood-induced cartilage damage is only partly understood, but it has been suggested that the recurrent presence of blood induces synoviocyte hypertrophy and hyperplasia with intense neovascularisation and inflammation of the synovial membrane. This results in the production of catabolic enzymes and cytokines by inflammatory cells. 5 The initiating factor is not known.
One important characteristic of HA is the deposition of iron in the synovium, producing macroscopic brown haemosideritic staining. [6] [7] [8] Synovial iron deposits due to intra-articular haemorrhage are also found in pigmented villonodular synovitis, 9 haemangiomas of the synovial membrane 10 and haemosideritic synovitis. 11, 12 All these disorders ultimately result in joint damage resembling HA, 13 implying that iron deposits may be important in the pathogenesis of blood-induced cartilage damage. The intraarticular accumulation of iron, as a degradation product of haemoglobin, may be a direct stimulus for the proliferation of synoviocytes and may attract inflammatory cells which produce enzymes and cytokines leading to the destruction of articular cartilage. We obtained synovial tissue from haemophilic patients during arthroplasty of the knee. The synovial iron deposits were found to be localised and, in the same joints, we found both synovial tissue with macroscopic haemosideritic staining containing iron deposits adjacent to white normal synovium without iron. We studied the histological and biochemical features of both types of tissue to analyse the role of iron deposits.
Patients and Methods
Synovial tissue. Six patients with severe haemophilia had biopsies during elective knee arthroplasties. Their mean age was 39 years (34 to 49). From each joint, six samples of synovial tissue with a haemosideritic appearance and six of adjacent tissue with a white normal appearance were taken. At random three of each set of samples were used for culture and biochemical analyses and three were used for light-microscopic and histological studies. Light microscopy. The representative samples of both types of synovial tissue were fixed in phosphate-buffered (pH 7.0) 4% formalin and, after standard processing, embedded in paraffin wax. Sections were stained with Perls' Prussian blue or haematoxylin and eosin and three randomly chosen sections of the stained samples of the two tissues for each patient were scored by two authors without knowledge of the origin of the material. Synovial iron deposits were scored as shown in Table Ia , and synovial inflammation, defined by lymphocyte infiltration, graded according to Table Ib. The average score for the three samples was recorded as representative for each donor. Biochemistry. From each donor, three synovial tissue samples of normal and haemosideritic tissue, weighing about 100 mg (101.3 ± 14.5 and 101.2 ± 15.4, respectively) were cultured for four days in 5 ml of culture medium (D-MEM supplemented with glutamine (2 mM), penicillin (100 IU/ ml), streptomycin sulphate (100 g/ml), ascorbic acid (0.85 mM) and 10% heat-inactivated human male AB+ serum; 5% CO 2 in air, 37°C). The supernatants of these cultures were rendered cell-free by centrifugation (1000 ‫ן‬g, 10') and tested for catabolic activity. Cytokine production. The presence of interleukins 1 and 6 (IL-1 and IL-6) and tumour necrosis factor alpha (TNF␣) in the supernatants of cultures of synovial tissue was assessed by ELISA (Medgenix, Belgium) according to the manufacturer's guidelines. Cytokine production was normalised to the wet weight of the synovial tissue. Inhibition of articular cartilage matrix. The supernatants from tissue cultures were added to human cartilage at a 10% (v/v) concentration and the latter cultured for four days by standard procedures.
14 The synthetic activity of the chondrocytes was assessed as proteoglycan (PG) on the basis of the incorporation of sulphate during the last four hours of the experiment. 35 SO 4 2-was used as a tracer and cetylpyridinium chloride was used to precipitate glycosaminoglycans after papain digestion of the cartilage explants.
14 The PG-synthesis, calculated from the 35 SO 4 2-incorporation rate and the specific activity of the medium, was normalised to the wet weight of the cartilage samples and the wet weight of the synovial tissue. The supernatants of the three samples of each of the two types of synovial tissue from each donor were each tested on eight cartilage explants. The mean for the eight specimens was recorded as the average catabolic activity for each sample. Results Figure 1 shows a synovial tissue biopsy with areas of haemosideritic appearance adjacent to areas of a yellowish opaline normal appearance. Histological analysis. Figures 2 and 3 are light micrographs of representative sections of both types of synovial tissue. That with a haemosideritic appearance showed Perls' Prussian blue staining of both the lining and more central areas (Fig. 2a) . The iron deposits in the lining appeared as discrete blue granules scattered throughout the cytoplasm. By contrast, those in subsynovial areas were densely concentrated aggregates, located both intracellularly and extracellularly. Perls' staining of a macroscopically normal synovium showed fewer iron deposits only in the periphery of the lining cells, leaving a clearly visible nucleus (Fig. 2b) . Haemosideritic synovial tissue showed diffuse lymphocyte infiltration, but no follicles of lymphocytes (Fig. 3a) . Iron deposits were visible as dense dots in the central area, although not specifically stained. Macroscopically normal synovium (Fig. 3b) adipocytes and normal vascularisation. There were few inflammatory cells. The relationship between iron deposits and the degree of inflammation in both types of synovial tissue is shown in Figure 4 , using the scoring systems described in Table I . Macroscopically haemosideritic synovium contained significantly more iron deposits (p ≤ 0.02) and inflammatory changes (p ≤ 0.01) compared with macroscopically normal tissue. Biochemical analysis. Figure 5 shows the proinflammatory cytokines, IL-6, IL-1 and TNF␣, in the supernatants of the two types of synovial tissue. Macroscopically haemosideritic tissue contained significantly more IL-6, IL-1, and TNF␣ (all p ≤ 0.01). Figure 6 shows the catabolic activity of the two types of synovial tissue, as determined by inhibition of the synthesis of articular cartilage matrix. Supernatants of cultured macroscopically haemosideritic tissue caused significantly greater inhibition of proteoglycan synthesis (p ≤ 0.01).
Discussion
Patients with haemophilia have considerable morbidity from HA caused by recurrent intra-articular haemorrhages. We found that in all our patients the synovial tissue showed areas with a haemosideritic appearance adjacent to areas of normal appearance. This finding, to our knowledge not previously reported, provided a model for an analysis of the effect of synovial iron deposits in synovial tissue.
The macroscopic appearance corresponded closely to the histological iron deposits and, in addition, to the inflammatory and catabolic activity of the tissues. Our results show that the iron deposits at localised sites in the synovium are associated with the production of proinflammatory cytokines and an ability to inhibit the formation of human cartilage matrix. This supports the hypothesis that iron plays a leading role in the induction of synovial changes 7 and the consequent production of catabolic mediators harmful to articular cartilage. It is not clear whether haemo- siderin is directly involved in the stimulation of cytokine production; it seems more likely that phagocytosis by synovial cells and blood macrophages released into the haemarthritic joint leads to the stimulation of cytokine production. An important role for iron in the induction of synovial changes has been postulated, but until now there has been little evidence to support this theory. 7, 11, [15] [16] [17] The inflammatory changes in haemosideritic synovial tissue, as determined histologically, are mild compared with those from tissue with inflammatory joint disease such as rheumatoid arthritis, but the production in vitro of catabolic mediators such as IL-1, IL-6 and TNF␣ is comparable to that found for synovial tissue from patients with rheumatoid arthritis (unpublished work). The potential for damage by haemosideritic synovial tissue underlines the importance of the early diagnosis and treatment of chronic synovitis in haemophiliac patients.
The difference which we found between the granular iron deposits in synovial lining cells and the ovate dense bodies in the central subsynovial areas confirms previous observations in HA and experimental haemarthrosis. 18 Immune histochemical staining has shown that the granular siderosomes in synovial lining cells are ferritin-positive, while the ovate bodies in deeper synovial tissue do not stain for ferritin and are almost pure iron. 7 It has been suggested that the death of iron-loaded cells and recurrent phagocytosis by macrophages cause the formation of the dense ovate bodies. 18 The patchy, localised aspect of the subsynovial iron deposits is of interest. It is possible that blood in the articular cavity is absorbed by the synovial lining cells, and only when these cells are saturated, are intrasynovial macrophages brought in. This may help to explain the equal spreading of the localised staining in lining and central areas. Another factor may be local haemorrhage within the synovial membrane which may cause focal macrophage activity and the localised deposition of iron as dense granules in the deeper areas. This is not corroborated by animal studies in which the frequent intra-articular injection of blood results in dense deeply located iron deposits, but the number of haemorrhages in the animal studies was probably less than in our haemophiliac patients. Another possible explanation for the localisation of dense synovial iron deposits may be the formation of new synovial tissue during the course of the disease, which does not contain iron deposits at the time of surgery.
We conclude that deposition of iron in the synovium of patients with HA is localised and that it is associated with catabolic activity. MRI makes it possible to demonstrate hypertrophic synovial tissue with haemosiderin depositions in joints with chronic synovitis. 19 Apart from reducing the frequency of bleeding episodes, 20 we suggest that synoviorthesis or early synovectomy may slow down the joint deterioration in HA. 21, 22 The presence of significant synovial iron deposits may be an indication for synoviorthesis or synovectomy to reduce consequent joint damage. Table I . There was significantly more iron (p = 0.02) and inflammation (p = 0.01) in stained tissues. The level of proinflammatory cytokines, IL-6, IL-1 and TNF␣ in supernatant from haemosideritic synovial tissue (hatched) and normal tissue (open), normalised to 100 mg of synovial tissue. There was significantly more IL-6, IL-1, and TNF␣ in stained synovial tissues (all p ≤ 0.01). The catabolic activity of supernatants of synovial tissues, as determined by inhibition of the synthesis of articular cartilage proteoglycans (PG). Macroscopically haemosideritic synovium (hatched) induced significantly greater inhibition than macroscopically normal tissue (open bar) (p ≤ 0.01). The black bar shows control PG synthesis.
